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ABSTRACT: Nowadays, salicylic acid is used as a growth regulator to reduce the negative effects of different 
levels of stress. This research was conducted as factorial experiment on a completely randomized block design. 
Wheat plants were planted in four levels of cadmium (0, 100, 200 and 300 μmol) with three levels of salicylic 
acid (0, 0.5 and 1.0 mmol) in three replications. The results showed that root heights, fresh and dry weight of the 
stem were decreased significantly, and leaf proline and catalase and superoxide dismutase enzymes were 
increased due to cadmium stress. Foliar application of salicylic acid in non-stress conditions had a significant 
effect on the traits and resulted in their increase, as well. Application of two concentrations of 0.5 and 1.0 mmol 
salicylic acid in stress conditions resulted in reduction of the effects of stress and consequently, reduction of 
proline and catalase and superoxide dismutase enzymes and growth was improved. The amount of 1.0 mmol of 
salicylic acid was more effective and it can be concluded that salicylic acid has a moderating and decreasing 
effect on the negative effects of cadmium toxicity in wheat plant. 
Keywords: wheat (Triricum aestivum L.), salicylic acid, cadmium. 
 
Efeito do ácido salicílico em algumas características morfológicas e fisiológicas do trigo 
(Triticum aestivum L.) sob diferentes níveis de estresse por cádmio 
 
RESUMO: Atualmente, o ácido salicílico é usado como um regulador de crescimento para reduzir os efeitos 
negativos de diferentes níveis de estresse. Esta pesquisa foi conduzida como experimento fatorial em um 
delineamento de blocos inteiramente casualizados. Plantas de trigo foram plantadas em quatro níveis de cádmio 
(0, 100, 200 e 300 μmol) em três níveis de ácido salicílico (0, 0,5 e 1,0 mmol) em três repetições. Os resultados 
mostraram que a altura das raízes, o peso fresco e seco do caule diminuíram significativamente e as enzimas 
prolina e catalase e superóxido dismutase foram aumentadas devido ao estresse com cádmio. A aplicação foliar 
de ácido salicílico em condições de não estresse teve um efeito significativo sobre as características e também 
resultou em seu aumento. A aplicação de duas concentrações de 0,5 e 1,0 mmol de ácido salicílico em condições 
de estresse resultou na redução dos efeitos do estresse e, consequentemente, na redução das enzimas prolina e 
catalase e superóxido dismutase e o crescimento foi melhorado. A quantidade de 1,0 mmol de ácido salicílico foi 
mais efetiva e pode-se concluir que o ácido salicílico tem um efeito moderador e decrescente nos efeitos negativos 
da toxicidade do cádmio em plantas de trigo. 
Palavras-chave: trigo (Triricum aestivum L.), ácido salicílico, cádmio. 
 
 
1. INTRODUCTION 
One of the most serious environmental stresses is the 
harmful effects of heavy metals (LESKO; SIMON-
SARKADI, 2003). Cadmium is known as one the most 
dangerous heavy metal due to its relatively high mobility in 
the soil-plant system (Azevedo et al., 2012), its high solubility 
in water (Gubrelay et al., 2013) and its easy absorption by plant 
cells (YADAV; SINGH, 2013). Cadmium causes many 
morphological, physiological, biochemical and structural 
changes such as water imbalance, germination inhibitory, 
photosynthesis inhibitory, growth retardation, especially root 
growth, disruption of mineral nutrition of and sugar 
metabolism in the plant, and therefore, strongly affect the 
production of biomass and ultimately, it can cause plant deaths 
(MOUSSA; EL-GAMAL, 2010). 
Hormones play a major role in the pathways of cadmium 
stress (AZEVEDO et al., 2012). SA is a major secondary 
message in plants that plays a major role in activating defense 
genes in response to pathogens (DOLATABADIAN et al., 
2009). SA provides oxidative decomposition with an 
extremely sensitive response and the development of Systemic 
Acquired Resistance (ZAWOZNIK et al., 2007). 
SA Pre-treatment reduces toxicity effects of cadmium; it 
plays an important role in plant in response to some abiotic 
stresses such as salinity, temperature, UV rays and heavy 
metal stress (AGAMI; MOHAMED, 2013). The external 
application of SA improves the toxicity of plant efficacy under 
biotic and abiotic stress (MAGHSOUDI; ARVIN, 2010). It 
has been shown that SA reduces toxicity effects of cadmium 
on rice, soybean (Akbari et al., 2013), pepper (Akhavan; 
Dilmaghani, 2013), pea (Gaballah; Rady, 2012) and corn 
MOHSENZADEH et al., 2011). 
Because heavy metals such as cadmium enter in 
agricultural lands through different ways and destroy crops 
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which are economically and nutritionally important. The aim 
of this study was to investigate the effect of salicylic acid on 
some biochemical properties of wheat, Sivand cultivar under 
cadmium stress to increase the resistance of this plant to the 
toxic effects of cadmium.  
 
2. MATERIALS AND METHODS 
This experiment was conducted to study the spraying 
effect of salicylic acid on morphological and physiological 
characteristics of wheat under cadmium stress and was 
performed in greenhouse condition in a completely 
randomized block design with three replications and two 
factors in 2016. The first factor was the use of cadmium in the 
form of chloride (0, 100, 200 and 300 μmol), and spraying 
application of salicylic acid at 0, 0.5 and 1Mmol as the second 
factor. In this study, Homogeneous Wheat (Triticum aestivum 
L.) seeds of Sivand variety were obtained from Neyshabur 
Agricultural Research Center. The seeds were planted in sand 
pots and transferred to a light shelf (18/23 °C temperature; 
photoperiod of 16 hours light and 8 hours darkness). After 
germination, plantlets were irrigated with a Hoagland diet 
every two days. 
Salicylic acid treatment was applied to the leaves after 
emergence and planting (in two or three leaf stages). At the 
same time, the seeds were irrigated with Hoagland nutrient 
solution with different cadmium concentrations (0, 100, 200 
and 300 μmol). The treatments were applied for the fifth times. 
The plants were harvested 10 days after treatment. The 
evaluated characteristics in this study included fresh and dry 
shoot, root length, proline, and catalase and leaf superoxide 
dismutase. The amount of proline was measured and based on 
μmol/g fresh weight. The activity of catalase enzyme was 
measured method at 240 nm wavelength and the measurement 
of superoxide dismutase by Beyer; Fridovich (1987) method. 
At the end of the analysis, the data were analyzed using SAS 
software and the mean comparsion was performed using LSD 
test (p≤0.05). 
 
2.1. Proline assay 
To measure proline in leaf, modified Bates et al. (1973) 
method was used. For extraction, 100 mg of fresh tissue of leaf 
was first grounded in 5 ml of 40% ethanol and purified by 
Whatman paperNo. 2. 1 ml of the extract, with a 1 ml 
Ninhydrin solution was placed in Ben-Mari, at 100 °C for one 
hour. Then, it was immediately frozen. After cooling, 10 ml of 
toluene was added and the tube was shaken. The supernatant 
was removed and its absorption was read at 520 nm by a 
spectrophotometer. Different concentrations of proline 
solution were used to draw a standard curve for final 
calculations. 
 
2.2. Antioxidant enzymes assay 
200 mg of leaf tissue was grounded with liquid nitrogen 
and 1.2 ml of potassium phosphate buffer 0.2 M (pH 7.8 with 
0.1 mM EDTA) was added. The samples were centrifuged at 
4 °C and 15,000 rpm for 20 minutes. The supernatant solution 
was transferred to -20 °C to measure enzymes. 
 
2.3. Catalase assay (CAT) 
The activity of this enzyme was determined according to 
Aebi; Lester (1984) method. In this method, the decomposition 
rate of H2O2 in the form of a decrease in absorbance, at 240 
nm in a one minute was the measure of enzyme activity. 1 ml 
of 10 mM H2O2 was added to 2 ml of a plant extract that was 
diluted 200 times with potassium phosphate 50 mM, and 
immediately after 1 minute, its absorption was read at 240 nm. 
The Beer-Lambert law (A = € bc) was used to calculate the 
enzyme activity. 
 
2.4. Superoxide Dismutase Assay (SOD) 
This assay was performed by Beyer; Fridovich (1987) 
method and its activity was determined by the competitive 
restraint of nitro blue tetrazolium chloride (NBT) reduction by 
superoxide radicals. The reaction mixture (2 ml) contained 50 
mM phosphate buffer (pH 7.8, with 2 mM EDTA, 9.9 Mm L-
methionine, 55 μM NBT, 0.025% Triton-X100 and 1 mM 
riboflavin). 
 
3. RESULTS AND DISCUSSION 
Based on Figure 1 and 2, the interaction effect was 
significant between cadmium and salicylic acid in different 
concentrations of cadmium stress (100, 200 and 300 μmol/L) 
(p≤0.01), so that with increasing cadmium stress, fresh and dry 
weight of the stem was decreased in the control and using 
salicylic acid resulted in its increase, so that with increasing 
salicylic acid (1 mmol) more increase was observed in fresh 
and dry weight of stems.  
 
Figure 1. The interaction effect of salicylic acid (concentrations of 0, 
0.5 and 1 mmol) and cadmium chloride (concentrations of 1, 100, 200 
and 300 μmol) on the amount of proline. 
Figura 1. Efeito da interação do ácido salicílico (concentrações de 0, 
0,5 e 1,0 mmol) e cloreto de cádmio (concentrações de 1, 100, 200 e 
300 µmol) na quantidade de prolina. 
 
 
Figure 2. The interaction effect of salicylic acid (concentrations of 0, 
0.5 and 1mmol) and cadmium chloride (concentrations of 1, 100, 200 
and 300μmol) on stem fresh weight. 
Figura 2. Efeito da interação do ácido salicílico (concentrações de 0, 
0,5 e 1,0 mmol) e cloreto de cádmio (concentrações de 1, 100, 200 e 
300 µmol) no peso fresco da haste da planta. 
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In a report by Abdollahi; Shekari (2013), it was stated that 
priming with salicylic acid caused the increase of wheat 
seedling properties including root length, fresh weight and dry 
weight of the various organs, which is consistent with our 
research. According to Rahnama et al. (2015) reports on 
sunflower seeds, the highest level of cadmium had a negative 
effect on the dry and wet weight of the stem, which is 
consistent with our reports. 
Lopez-Millan et al. (2009) reported a reduction in root and 
stem weight due to cadmium treatment in tomato plants, which 
is similar to the results of Gouia et al. (2001) on bean plant. 
Cadmium also reduces the absorption and diffusion of 
essential nutrients such as Fe, Mg, Ca and K (Gogorcena et al., 
2002), by disrupting important plant processes such as 
photosynthesis, respiration and nitrogen metabolism (Wang et 
al., 2008) that it leads to a decrease in the growth and 
production of biomass in the plant. The use of salicylic acid 
decreases the harmful effects of cadmium on the growth of 
flaxseed plants (Belkhadi et al., 2010). This effect of salicylic 
acid on the growth of plants exposed to cadmium was 
consistent with the results of Drazic et al. (2006) in alfalfa 
seedlings and results of Panda; Patra (2007) in corn seedlings. 
The prohibition of salicylic acid on the progression of 
cumulative damage in response to cadmium is a hypothesis 
that shows the positive effect of salicylic acid on 
photosynthesis in chickpea plants exposed to cadmium stress. 
This hypothesis has been confirmed by using less cadmium in 
roots of chickpea plants treated with salicylic acid. Clearly, 
low levels of cadmium in chickpea plants pretreated with 
salicylic acid have reduced the harmful effects of cadmium 
and have a beneficial effect on growth and photosynthesis 
(POPOVA et al., 2008). Similar data have been reported by 
Szalai et al. (2005) in maize. 
 
3.1. Root length 
The results of analysis variance (Figure 3) showed that the 
interaction effect of cadmium and salicylic acid was 
significant in different concentrations of cadmium stress (100, 
200 and 300 μmol/L) on root length and increased root length 
in stress conditions. The use of 0.5 mmol of salicylic acid was 
more effective than 1 mmol salicylic acid. Salicylic acid can 
increase salinity resistance in wheat seedlings and resistance 
to water scarcity. 
According to Saremi-rad et al. (2014) on wheat seedlings, 
it was declared that cadmium lead to reduce root length, which 
was consistent with our reports. Reduction of root length due 
to cadmium was reported by Oloumi; Manochehri Kalantari 
(2003) in Canola plant. 
There is little evidence about the effect of salicylic acid on 
plant growth and yield. Salicylic acid is produced by root cells 
and plays a pivotal role in regulating various physiological 
processes such as growth, plant development, ion absorption, 
photosynthesis and germination. In a comparison between the 
wild and mutated Arabidopsis, Salicylic acid was introduced 
as a remedy for oxidative damage during germination. 
Salicylic acid with the effect of ABA and the accumulation of 
these hormones in the plant make the plants adapt to 
environmental stresses (SHAH et al., 2002). Also, increasing 
the growth parameters of a plant under stress in response to 
salicylic acid may be associated with induction of antioxidant 
responses that protect the plant against damage and increase 
dry matter yields by increasing the absorption of nutrients 
(BIDESHKI; ARVIN, 2010). 
 
 
Figure 3: The interaction effect of salicylic acid (concentrations of 0, 
0.5 and 1mmol) and cadmium chloride (concentrations of 1, 100, 200 
and 300μmol) on root length. 
Figura 2. Efeito da interação do ácido salicílico (concentrações de 0, 
0,5 e 1,0 mmol) e cloreto de cádmio (concentrações de 1, 100, 200 e 
300 µmol) no comprimento das raizes. 
 
3.2. Antioxidant enzymes activity 
According to Figure 4 and 5, the interaction effect of 
salicylic acid and cadmium in different concentrations was 
significant on the amount of catalase and superoxide dismutase 
enzymes. 
As by increasing cadmium stress, the activity of catalase 
and superoxide dismutase was increased in the control, and 
with the use of salicylic acid, the activity of these two enzymes 
was decreased. Increasing levels of salicylic acid (1.0 mmol) 
showed a decrease in catalase activity, but differences in 0.5 
and 1.0 mmol salicylic acid treatments were not significant in 
terms of activity of superoxide dismutase under stress 
conditions. 
 
 
Figure 4. The interaction effect of salicylic acid (concentrations of 0, 
0.5 and 1mmol) and cadmium chloride (concentrations of 1, 100, 200 
and 300μmol.) on the amount of catalase enzyme. 
Figura 1. Efeito da interação do ácido salicílico (concentrações de 0, 
0,5 e 1,0 mmol) e cloreto de cádmio (concentrações de 1, 100, 200 e 
300 µmol) na quantidade da enzima catalase. 
 
In a study by Barandeh; Kavosi (2016) on the effect of 
cadmium in lentil seedlings, catalase and superoxide 
dismutase was increased in cadmium concentration, which is 
consistent with our research. In this study, cadmium stress lead 
to increase the activity of SOD and catalase enzymes, which 
can be indirect reason in increasing the activity of free radicals 
under cadmium stress in wheat. It seems that with increasing 
the concentration of cadmium, the production of toxic 
compounds of ROS was more intense and the plant has 
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increased its antioxidant enzymes to fight against free 
radicals.A similar increase in the activity of the SOD enzyme 
was reported in response to Cadmium in white berries (Tewari 
et al., 2008) and beans (AHMADVAND et al., 2013). Also, 
increasing cadmium lead to induces superoxide dismutase 
activity in Achnatherum inebrians (ZHANG et al., 2010).  
 
 
Figure 5. Interaction effect between salicylic acid (concentrations 0, 
0.5 and 1mmol) and cadmium chloride (concentrations of 1, 100, 200 
and 300 μm) on the amount of superoxide dismutase enzyme. 
Figura 1. Efeito da interação do ácido salicílico (concentrações de 0, 
0,5 e 1,0 mmol) e cloreto de cádmio (concentrações de 1, 100, 200 e 
300 µmol) na quantidade da enzima superoxide desmutase. 
 
Decreasing Catalase activity is consistent with the results 
of Dolatabadian et al. (2008) and Chen et al. (2007). Salicylic 
acid inhibits the activity of the catalase enzyme that is a 
hydrogen peroxide purifying enzyme, and, as a result, reduces 
the activity of this enzyme in the plant (HEGEDUS et al., 
2001). Reduction of superoxide dismutase activity is 
consistent with the results of Dolat-abadian et al. (2008). It can 
be concluded that this substance may directly contribute to the 
elimination of free radicals and, by purifying these active 
oxygen species, prevents enzyme activity. 
 
3.3. Proline content 
The results of this study showed that by increasing the 
concentration of cadmium, proline was significantly increased, 
and application of salicylic acid (0.5 and 1 mmol) resulted in 
a decrease in proline content compared to control treatment 
(Figure 6). 
Proline has a role in compromising osmotic regulation and 
maintaining the underlying structures in under stress plants, 
stabilizing photosynthetic reactions and proteins structure, 
photo-system complex, and ATP synthesis and activation of 
enzymes (CHEN et al., 2010). 
Salicylic acid treatment increases proline and produces 
osmotic slope in the plant, which can lead to resistance of leaf 
water loss and increase plant growth during stress (TASGIN et 
al., 2006). The accumulation of proline in the plant reduces 
damage to the membrane and proteins. Proline, in addition to 
osmotic regulation, regulates cell pH, regulates oxidation and 
regeneration, and considers as a source of carbon and reduced 
nitrogen. In Arabidopsis, increase in proline and glutathione 
concentrations has reported due to increase in cadmium 
concentrations (XU et al., 2010). Four reasons have been 
suggested to increase proline accumulation during stress: a) 
stimulating its synthesis from glutamic acid; b) reducing its 
transmission through the phloem; c) preventing its oxidation 
during stress; and d) destroying and disrupting in the process 
of protein synthesis (LLAMAS et al., 2000). 
 
 
Figure 6. The interaction effect of salicylic acid (concentrations of 0, 
0.5 and 1mmol) and cadmium chloride (concentrations of 1, 100, 200 
and 300μmol) on proline amount. 
Figura 6. Efeito da interação do ácido salicílico (concentrações de 0, 
0,5 e 1,0 mmol) e cloreto de cádmio (concentrações de 1, 100, 200 e 
300 µmol) na quantidade de prolina. 
 
4. CONCLUSIONS 
In general, it can be concluded that the effect of stress is 
different caused by increasing the concentration of cadmium 
on the physiological and morphological processes of the plant. 
The plant shows compatibility by increasing the amount of 
proline in the aerial part to maintain osmotic conditions. The 
increase of studied antioxidant enzymes is associated with 
toxicity of cadmium and free radical production of oxygen, 
which results in oxidative damage and growth retardation. 
Salicylic acid as a vegetative regulator acts as an osmolite in 
its stressful conditions and thus, reduces the effects of stress. 
As a result, root length, fresh and dry weight of stem was 
increased and the amount of proline and catalase activity and 
superoxide dismutase was decreased the application of 
salicylic acid in stress condition. As a result, it can be 
concluded that salicylic acid had a moderating and decreasing 
effect of the negative effects of cadmium toxicity on wheat. 
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